ABSTRACT
INTRODUCTION

1
In recent times, the substitution of non-renewable fossil resources by renewable biomass as 2 sustainable feedstocks has been extensively investigated for the manufacture of high value- is an inexpensive non-edible biomass that could be an excellent source of fuels and chemi-8 cals without affecting food supplies. These new fuels are called second generation biofuels 9 or advanced biofuels.
10
Despite the advantages of homogeneous catalysis, namely, accessibility to active sites, ac-11 tivity and selectivity, the drawbacks of separation and reusability have reduced to a 10-15 2 12 its application in the industrial processes share. In this context, the development of easily The main routes to produce second generation biofuels from lignocellulose are presented in . BET surface area is in the range 20-50 m 2 /g (see Table 1 ). In swollen sate, macro-7 reticular resins show three types of pores: micropores of non-swelling inaccesible part of 8 polymer matrix, new mesoporous, and macroporous coming from permanent porosity. So, 9 catalytic activity of macroreticular resins is effective catalysts in both swelling and non-10 swelling medium.
11
On the other hand, anion exchange resins are effective catalyst for a variety of reactions 12 involving low catalyst concentrations and relatively low temperatures (293-333K), and em- 
PREPARATION OF FURFURAL
21
Currently, the furfural market size is estimated to be over 250,000 tone/year 9 , and its price 22 is in the range of commodity petrochemicals, such as benzene and toluene 10 . As can be seen 23 in Figure 1 and 2, acidic degradation of xylose is the conventional path for furfural produc-24 tion. Industrially, furfural is obtained in an energy intensive process (443-458 K) using batch 25 or continuous reactors catalysed by mineral acids (sulfuric, hydrochloric and phosphoric ac-1 ids). Other materials (zeolites, heteropolyacids, and sulfonic acid functionalized-MCM and 2 ion-exchange resins) that exhibit activities and selectivities comparable to homogeneous cat-3 alysts for aqueous phase dehydration 11 have been tried as alternatives for the homogeneous 4 catalysts used in furfural production. However, up to now, all of them present some draw-5 backs mainly derived from insoluble-polymers formation (humins).
6
FIGURE 2 7
Besides, the water presence can accelerate some of the undesired side reactions that decrease 8 the yield of furfural. Thus, polar aprotic solvents have been used to counter this effect. The option of introducing an extractant agent to separate the furfural produced has been used 22 for many years with interesting results. Thus, stripping the mixture water-furfural with ni-23 trogen combined with ion exchange resin Amberlyst-70, proved to recover a 65% of the produced furfural 15 . However, after 4 hours of reaction at 448 K a 50% resin deactivation 1 was observed.
2
More recently, the combination of a cosolvent and two catalysts, has given excellent results.
3
In this sense, the multi-step conversion of xylan and xylose to furfural was investigated in a 4 continuous-flow biphasic fixed-bed reactor over a catalytic bed. This reactor was formed by 5 a physical mixture of a Lewis acid gallium containing USY zeolite for xylose isomerisation 6 and a Brønsted acid ion-exchanged resin, Amberlyst-36, for hemicellulose hydrolysis and 7 xylulose dehydration system 16 . A furfural yield of 72% from xylose was obtained, which is 8 one of the highest yield levels reported in the literature for hemicellulose processing over a 9 heterogeneous catalyst. Thus, there remains a need for a selective catalyst in the dehydration 10 of xylose to furfural.
12
Biofuels from furfural
13
Furfural and its hydrogenated derivates, furfuryl alcohol and 2-methyl furfural (sylvan) (Fig-14 ure 1), are considered excellent platform molecules which can be converted mainly into fuel 15 additives such as 2-methyltetrahydrofuran, sylvan trimers, esters and ethers. Esters for-16 mation will be considered later.
17
Sylvan can be catalytically trimerized or condensed with aldehydes or ketones under acidic 18 conditions to form oxygen-containing diesel precursors, which after hydrogenation can pro- purification of HMF, which still remains as a major obstacle to its commercialization.
22
In 2013 Tucker et al.
39
showed that the use of HMF-derived 2,5-(dihydroxymethyl)tetrahy- pacities and DVB content were tested. In accordance with previous works, they also found 18 that crosslinking degree has an important effect in this reaction. . Amberlite IR120 and Dowex 50Wx8 were less active because they are gel-type 8 resins while the two first are macroporous ones. Cellulose was directly converted with high yield (69%) to levulinic acid (LA) using Amber- The principal 20 drawback of this process lies in its inefficient separation and recovery of the levulinic acid.
21
In addition, humins produced can clog the piping system and reactor.
22
Our research group has studied recently the LA production starting from fructose using di- with oil-based fuels, could limit its practical application. These limitations introduced the 17 reduction of GVL to MTHF, which can be blended up to 30% by volume in gasoline with 18 no adverse effects on engine performance, being a more promising biofuel. used for esterification and on the catalyst employed in the levulinate synthesis.
18
FIGURE 5 19
Early studies used mostly homogeneous catalysis, but more recently a variety of heteroge- the selectivity and yield of BL increased and those of 5-HMF decreased. After 3 runs a light 10 decrease in the catalytic activity was detected.
11
Levulinate esters can be also obtained by alcoholysis of furfuryl alcohol under acid catalysis.
12
As quoted for others aforementioned reactions, literature for this reaction using ion exchange 13 resins is very scarce and has appeared only recently. and -46 and Purolite MN500 allowed for a higher formation of EL (Table 5 ) and a lower 23 diethyl ether production, because of a better accessibility of furfuryl alcohol to acid sites.
24
reported that acid site density, acid strength and porosity also had also some 1 effect on the resin activity in this reaction, and affirmed that accessibility was the main fac-2 tor. In order to go deeper into such aspects our group has tested four macroreticular resins to butyl levulinate, it was the catalyst that took more time to achieve complete conversion of 8 furfuryl alcohol. The combination of both parameters, number of acid sides and accessibility, 9 seemed to be the most relevant properties that determine the catalytic activity. It should be 10 noted that a significant amount of polymeric substances were detected.
11
TABLE 6
12 Alkyl esters can be also obtained from a reaction of α-angelica lactone (Figure 4 ) with ole- 
CONCLUSIONS AND OVERLOOK
23
As can be seen throughout the paper, acidic ion-exchange resins have a great field of poten-1 tial application to catalyze many of the transformation reactions from biomass to biofuels.
2
The following correlations between morphology and structure of resins and catalytic activity 3 for some of the transformation presented were observed. Firstly, the fructose dehydration in 4 aqueous phase is ideally catalysed by high acid capacity resins with low cross-linker content.
5
Secondly, the same can be said for fructose dehydration to levulinic acid. Thirdly, gel-type 6 resins with low divinylbenzene content were found as the most suitable to direct esterifica- other forms such as monoliths, nanotubes and ways of anchoring the sulfonic groups will 7 also need much to do to minimize mass transfer effects and leaching. Rinsed with methanol, after with toluene and finally with isooctane Table 3 . Dehydration of carbohydrates (fructose) into HMF using ion-exchange resins 
